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JPL personnel may obtain copies of any reports listed herein
from the JPL Library. Outside organizations should direct
request:: _`or JPL reports to the Technical Information and
Documentation Division Su pport Section, Attention: Mr. Leo
Lunine.
Although all abstracts given are unclassified, some of the
reports listed may be classified. When requesting classified
reports, outside organizations are advised to submit their re-
quests via their cognizant government contracting agency for
certification of the need-to-know and status of their facility
security clearance.
COVER: Grand Tour trajectory. This mission to Jupi-
ter, Saturn, Uranus, and Neptune was used as the
design mission and the Thermoelectric Outer-Planet
Spacecraft as a representative planetary vehicle in
one phase of a study to establish and apply criteria
for auxiliary propulsion system selection. The study
is described in Technical Report 32-1505. See
Holcomb, L. B.
PREFACE
The JPL Bibliography describes coud indexes the formalized
technical reporting resulting from scientific and engineering
work performed, or managed by, the Jet Propulsion Labora-
tory. Four classes of publications are included:
(1) Technical Reports (32 series), in which the information
Er
	
	 is complete for a specific accomplishment and is in-
tended for a wide audience. Technical Reports call
either new reports or reprints of certain articles pub-
lished in the open literature.
(2) Technical Memorandums (33 series), in which the in-
formation is complete for a specific accomplishment but
is intended for a limited audience to satisfy unique
requirements.
(3) Articles from the four-volume Space Programs Sum-
mary (37 series). Each volume's collection of articles
1=
	
	 presents a periodical survey of current accomplishments
in the subject area covered by that volume, namely:
Volume I. Flight Projects
Volume II. The Deem Space Network
Volume III. Supporting Research and Advanced
Development
Volume IV. Flight Projects and Supporting Research
and Advanced Development (contents
classified)
(4) Open literature articles that were not selected for re-
print release as Technical Reports.
The JPL Bibliography indexes these publications by: (I)-au-
thor, (2) publication type and number, and (3) subject. A
-	 descriptive entry appears under the name of each author of
each publication; all is included with the entry for
the primary (first-listed) author. Unless designated otherwise,
all publications listed are unclassified.
Prereleases for the JPL Bibliography are published
monthly; at the end of each fiscal year, these prereleases are
combined as a final report (39 series). Technical Reports,
Technical Memorandums, and Space Programs Summary
-- -
	
	
articles are listed in the prerelease for the month in which
they are released. Open literature articles not released as
__—	 Technical Reports are listed when the author's reprints are
—_	
received by JPL.
The annual JPL Bibliography is distributed to all organiza-
tions listed on the regular JPL/NASA distribution lists.
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AUTHOR INDEX
ALLEN, L. H.
A01 Operation of the Surveyor Television System
in the Photon-Integration Mode
L. H. Allen and P. M. Salomon
J. SMPTE (Society of Motion Picture and Television Engineers),
Vol. 79, No. 7, pp. 615-620, July 1970
The Surveyor television system was designed to obtain
panoramic images of the lunar terrain from a
spacecraft-lauded position. The televised images pro-
vided photometric and photogrammetric information
about the lunar surface, in addition to serving as the
feedback loop necessary to complete other onboard
scientific experiments. A photon-integration mode of
vidicon camera operation was included in the Surveyor
television s ystem to provide the necessary increase in
sensitivity to obtain television images during lunar sun-
set and earthshine-illuminated operations. By utilizing
the unique image-storage capabilities of a slow-scan
vidicon, exposures of as long as 30 min in duration
were possible. Scene luminance levels on the order of
0.006 fL provided usable vidicon target exposures.
The principal limitation of integration time was f..,und
to be the rate of dark current buildup. Accurate pre-
launch camera calibration provided the necessary cam-
era characteristic data to allow the resultant television
pictures to be corrected for dark current and other
!	 vidicon-induced distortions.
BEAUDET, R. A.
1301	 Skele'.al Molecular Structure of closo-
2,3-Dicarbahexaborane(6) From Microwave
Spectral Studies
R. A. Beaudet (University of Southern California) and
R. L. Poynter
J. Chem. Phys., Vol. 53, No. 5, pp. 1899-1905,
September 1, 1970
The microwave spectra of 13 isotopic species of closo-
2,3-dicarbahexaborane(6) have been studied. From
R
i
t
•
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Jthese results, the cage structure of this molecule has
been determined, and the accuracy of the molecular
structurc has been evaluated. The bond lengths deter-
milled NN erc:
Bond Length, A
B ( I )—B (6) 2.431 :- 0,005
C(2)—B(4) 2.297 -!- 0.005
B(I)—B(4) 1.721 -t 0.015
B (4) —B (5) 1.752 - 0.005
B(4)—C(3) 1.605 ± 0.005
(:(2)—C:(3) 1.540 ± 0.005
B(1)—C(2) 1.627 :t 0.015
The measured dipole moment was 1.50 -t 0.03 D
CAMERON, R. E.
CO1	 Antarctic Soil Algal Crusts: Scanning Electron
and Optical Microscope Study
R. E. Cameron and J. R. Devaney
Trans. Am. Microsc. Soc., Vol. 89, No. 2, pp. 264-273,
April 1970
Two algal soil crusts from South Victoria Land, Ant-
arctica were chosen for study with the scanning elec-
tron microscope, and a comparison study wits made
with the light transmission microscope. Soils were in-
vestigated microscopicall y without treatment, and fol-
lowing incubation in moist chambers and in dilution
cultures. By scanning electron microscopy, algae were
readily discerned in association with soil particles as
flowing and entwined masses which bound soil particles
together, but individual species were usually not
readily identified within community associations. Struc-
ture of trichomes was obscured b y sheath material, but
some naked trichomes were observed. The algal crust
components were primarily closel y related oscillatorioid
blue-green algae: Schiz.othrix calcicola (Ag.) Gorr..,
S.arenaria ( Berk.) Gom., and S. rubella Gom. Globose
colonies of Nostoc commune Vauch, were observed by
both scanning electron microscopy and light micro-
scopy. A rarely encountered form of N. commune was
observed as Nydrocoryne spongiosa Schw. The only
green alga present was Chlorella culgaris Beij. It was
concluded that the scanning electron microscope is a
new and v:auable tool in the investigation of microbial
associations of a soil algal community, but the light
transmission microscope is still useful for routine identi-
fication of the soil algal components.
i
A-
DEVANEY, J. R.
DO1	 Antarctic Soil Algal Crusts: Scanning Electron
	 i
and Optical Microscope Study
R. E. Cameron and J. R. Devaney
2
Trans. Am. Microsc. Soc., Vol. 89, No. 2, pp. 264-273,
April 1970
For abstract, see Cameron, R, E.
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GUPTA, K. K.
G01 High-Impact Dynamic Response Analysis of
Nonlinear Structures
K.K. Gupta
Technical Report 32 . 1498, November 15, 1970
An efficient and generalized digital computer method
is presented for determining the dynamic response of
nonlinear structures of simple geometric configuration
subjected to high-impact loading. A finite element ma-
trix displacement approach utilizing quadrilateral shell
elements, in conjunction with a step-by-step integration
procedure employing Runge—Kutta extrapolation tech-
niques, has been adopted for the present analysis.
The related procedure yields reliable results for simple
structural forms, e.g., rectangular and cylindrical
panels, and requires only moderate computer storage
and solution time. Numerical results are presented for
the analysis of relevant structures subjected to high
impact, simulating free landing on a planetary surface.
The program is written in FORTRAN V language to
run on the UNIVAC 1108 computer under the EXEC 8
operating system; the source deck consists of about
1800 cards. The physical program, IMAN (IMpact
ANalysis), is available from the Computer Software
Management and Information Center (COSMIC), the
NASA agency for the distribution of computer pro-
grams.
HOLCOMB, L. B.
H01	 Satellite Auxiliary -Propulsion Selection
Techniques
L.B. Holcomb
Technical Report 32-1505, November 1, 1970
In order to establish criteria for :he selection of attitude-
and station-keeping propulsion systems for future sate]-
- — lites and other unmanned spacecraft, current auxiliary
propulsion systems were surveyed and parameterized.
Thruster systems considered were inert gas, monopro-
pellant hydrazine, vaporizing liquid, electrolysis, Tri-
dyne, resistojet, radioisojet, and subliming solid.
Electrostatic and electromagnetic thrusters were also
surveyed, but were not included in the detailed study.
A generalized auxiliary propulsion system selection
technique, based on cost-effectiveness criteria, is pre-
sented. Three specific missions are included as ex-
amples of the use of the selection criteria: a synchronous
-	 3
--72^ _ -
satellite, a subsynciironous satellite, and a Grand Tour
planetary spacecraft
LYTTLETON, R. A.
LO1	 The Structures of the Terrestrial Planets
R. A. lyttleton
Advances in Astronomy and Astrophysics, Vol. 7, pp. 83-145.
Academic Press, Inc., New York, 1970
It would seem probable that the study of the internal
structure of t1, e phinets should concentrate first upon
the 99.99% or more of the mass at present inaccessible
to direct observations. The same holds even more
strongly for planets other than the earth, for, as yet,
onl y the outer solid surface can be observed and some-
times not even that. It is plain both from their masses
and mean densities that the four inner planets and
the moon taken as a group can be regarded in an over-
all sense as having different physical structures and
compositions from the group formed by the great outer
planets. The structures of this terrestrial group (Mer-
cury, Venus, earth, moon, and Mars) are discussed in
detail in this article.
i
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MASEK, T. D.
MO1 Sizing a Solar Electric Thrust Subsystem
T. D. Mosek
Technical Report 32-1504, November 15, 1970
The analysis presented in this report provides a simple
method for determining the approximate mass and di-
mensions of a solar electric thrust subsystem. Each
system element is discussed in terms of mass, and effi-
ciency or power. Results are presented as a function
of the power into the power conditioning units. The
dependence of the size on a given mission is shown to
be a function of thrust cutoff distance and thruster
throttling capability.
MILLER, C. G.
MO2 Interactions Between Radiation Fields From
Radioisotope Thermoelectric Generators and
Scientific Experiments on Spacecraft
C. G. Miller and V. C. Truscello
Nucl. Appl. Technol., Vol. 9, No. 5, pp. 722-735,
November 1970
A study was made to determine the extent of the inter-
ference that may be expected in the operation of space-
craft science instruments when the spacecraft carries
a radioisotope thermoelectric generator.
Suitable analytical models were developed to predict
the effects of the radiation spectrum on the various
4
}
selected components. The gamma radiation was ex-
pressed as a 20-group structure between the energies
of 40 keV and 10 MeV, the detectors selected for
detailed evaluation were Geiger—Mueller tubes,
continuous-channel electron multipliers, and silicon
surface barrier detectors.
The conclusions were that with reasonable separation
between the radioisotope thermoelectric generator
and the sensitive science components (---15-ft) indi-
vidual detectors would require a pound or less of
shielding material in order that an acceptable spurious
counting rate would be achieved. For a typical space-
craft payload, including such experiments as the
cosmic-ray telescope, trapped radiation detector, and a
low-energy proton and electron differential energy
analyzer, <10 lb of shielding would be required.
Recommendations for developmental methods that
could lead to means to reduce this amount of shielding
were also made.	 i
NISHIKAWA, K.
NO1 Second-Order Perturbed Distribution Associated
With the Plasma Wave Echo
K. Nishikawa
Phys. Fluids, Vol. 13, No. 9, pp. 2420-2422, September 1970
As discussed herein, the perturbed distribution which
}	 contributes a plasma wave echo shows an oscillatory 	 }
behavior with different phases and amplitudes before
and after the echo. The difference in amplitude is
found to be negligibly small, except for very special
cases.
I	 .^
iIPOYNTER, R. L.
P01	 Skeletal Molecular Structure of closo-
2,3-Dicarbahexaborane(6) From Microwave
Spectral Studies
R. A. Beaudet (University of Southern California) and
R. L. Poynter
J. Chem. Phys., Vol. 53, No. 5, pp. 1899-1905,
September 1, 1970
For abstract, see Beaudet, R. A.
REMBAUM, A.
RO1 Kinetics of Formation of High Charge Density
lonene Polymers
A. Rembavm, H. Rile, and R. Somoono
J. Polym. Sci., Pt. B: Polym. Lett., Vol. 8, No. 7, pp. 457-466,
July 1970
It was previously shown that the reaction of
N,N,N',N',-tetramethyl-alpha, omega-diaminoalkanes
5
l
with alpha, omega-dibromoalkanes
CH.,	 ('fi
CH ; ,	 CH,
vields a variety of products, depending on the values
of the integers .r and y. When x and y were less than 3,
only monomeric products were formed. The lowest
values of x and y leading to the formation of polymers
were x=2,y=4;x= 4, y=2; x=3, y=3; x=4,
y = 3; and x = 3, y = 4. Out of these combinations,
	
t
only the last two yielded polyelectrolytes of weight
average molecular weight greater than 10,000; since
these high-charge-density polyelectrolytes (ionene
polymers) are of considerable practical importance,
the formation of 3,4 ionene bromide was investigated
in detail and is reported in this article.
= It was found that the rate of polymerization obeyed
second-order kinetics and increased with the concen-
tration of reagents as well as with the magnitude of
the dielectric constant of the solvent. The polymers
obtained at high reagent concentration and at 25°C
had a higher intrinsic viscosity than those prepared in
f dilute solutions or at higher temperatures than 25°C.
The high-charge-density ionene polymers are effective
flocculating and electrostatic agents. In addition, they
form water-insoluble polyhalides characterized by bac-
terial growth inhibiting properties.
I R02	 Electronic Conductivity of Elastomeric lonenesI R. Somoono, S. P. S. Yen, and A. Remboum
€ J. Polym. Sci., Pt. B: Polym. Lett., Vol. 8, No. 7, pp. 467-479,
f
t July 1970
r	
'
For abstract, see Somoano, R.
RENZETTI, N. A.
R03
	
Tracking and Data System Support for the
-	 '- Pioneer Project: Pioneer IX. Prelaunch Through
—	 _-- = June 1969
N. A. Renzetti
_-= Technical Memorandum 33-426, Vol. IV, November 15, 1970
NMU	 IF	 The Pioneer IX mission (inward trajectory and helio-
t	 centric orbit) employed seven scientific instruments toF
i	 accumulate information relative to interplanetary high-
energy particles, solar phenomena, and plasma. The
launch vehicle carried aloft a "piggyback" satellite
` = called the Test and Training Satellite (TETR) to be
used for Apollo ground station crew training and mis-
sion simulation. The spacecraft also served as a celestial
t
6
mechanics experiment refcrenc•e point. in addition, a
c•onvolutionul coding experiment c% as conducted. The
Irac•king and Data System (Air Force Eastern Test
Bange, Ji l l, Deep Space N( ,hvor i.00u•d Space
Flight \ehvork, and NASA Communications Network)
tracked the spacecraft from hmii( •h through the near-
earth and deep space phases of the mission. For near-
IF earth tracking, all Tracking and Data S ystem facilities
responded to the mission, launch-vehicle, and range
requirements. For deep space tracking, the Deep Space
FE Net%vork responded to the tracking, telemetry, coin-
mand, monitoring, simulation, and operations control
requirements.
The Pioncer E mission ( near the earth for 900 clays,
then heliocentric) Nvas intended to investigate inter-
planetary phenomena. After 4313 s of flight oil
 27, 1969, a destruct signal \vas transmitted
because of a loss of h ydraulic pressure in the first stage.
This \vas the fifth spacecraft in the second Pionc er
generation and the only failure ( launch vehicle failed) .
RILE, H.
R04 Kinetics of Formation of High Charge Density
lonene Polymers
A. Remboum, H. Rile, and R. Somoono
J. Polym. Sci., Pt. 8: Polym. Lett., Vol. 8, No. 7, pp. 457-466,
July 1970
For abstract, sec Rembaum, A.
SALOMON, P. M.
	
_	 S01	 Applications of Slow-Scan Television Systems to
Planetary Exploration
	
— -	 P. M. Solomon
J. SMPTE (Society of Motion Picture and Television Engineers),
Vol. 79, No. 7, pp. 607-615, July 1970
I
° The design of a spacecraft television system must be
selected from many parameters while seeking to opti-
mize performance and reliability ,% • ith respect to weight
—	 and complexity, within the constraints of existing tech-
- = nology. The slow-scan television system employing a
vidic•on photosensor uses a mechanical shutter which
allows the vidicon to effectively store the scene image
and perform the readout sequence at a much reduced
rate. Digital encoding of the analog video signal prior
to recording preserves the high signal-to-noise ratio
_ =	
_	
and eliminates signal degradation in the earth-
==
	
	
spacecraft downlink. Future trends are described which
involve improvements in sensors, data encoding and
-_ =-_- ￿ 	 storage. Various h pes of television systems considered
=- -	 for future planetary missions are discussed.
i	 t
s	 -	 -
it502 Operation of the Surveyor Television System in
the Photon-Integration Mode
L. H. Allen and P. M. Salomon
J. SMPTE (Society of Motion Picture and Television Engineers),
Vol. 79, No. 7, pp. 615-620, July 1970
For abstract, see Allen, L. H.
SOMOANO, R.
S03 Kinetics of Formation of High Charge Density
lonene Polymers
A. Rembaum, H. Rile, and R. Somoano
J. Polym. Sci., Pt. 8: Polym. Lett., Vol. 8, No. 7, pp. 457-466,
July 1970
For abstract, see Rernbaum, A.
SO4	 Electronic Conductivity of Elastomeric lonenes
R. Somoano, S. P. S. Yen, and A. Rembaum
J. Polym. Sci., Pt. 8: Polym. Leff., Vol. 8, No. 7, pp. 467-479,
July 1970
The reaction between N,N,N',N',-tetrtmethyl-alpha,
omega-diaminoalkanes and alpha, omega -dihaloalkanes
leads tinder suitable conditions to ionene polymers of
weight average molecular wcight in the range of
10,000 to 40,000. However, all these polymers consist
of crystalline materials exhibiting well-defined X-ray
diffraction patterns. Their electrical room temperature
resistivity, after reaction with LiTCNQ, was found to
be of the rrder of 10 , to 10' ohm-cm and could be
reduced to about 10= ohm-cm by addition of neutral
tetrtcyanoquinodimethane (TCNQ).
Because of the great interest in conducting elastomers,
a previously used quaternization reaction was applied
to cornmerc al "prepolymers" ._ontaining oxypropylene
as it segment. The synthesis was based on the
reaction of polypropylene glycol with tolylene diisocya-
nate and subsequent chain extension by means of
dimethylamino ethanol and a dihalide. The general
reaction scheme permitted the preparation of it
of elastomeric ionenes containing a variable concentra-
tion of positive charges located on quaternary nitrogen
atoms. The different structure and the relativel y low
concentration of positive charges in these materials, as
compared with those synthesized previously, are re-
sponsible for the rubbery properties. The electrical
properties of elastomeric• ionenes eomplexed with
LiTCNQ are reported here. The study of electrical re-
sistivity as it function of temperature revealed definite
breaks in the resistivity temperature curves which
could be related tc: the glass transition temperature of
some of the materials.
8
TRUSCELLO, V. C.
TO1	 Interactions Between Radiation Fields From
Radioisotope Thermoelectric Generators and
Scientific Experiments on Spacecraft
C. G. Miler and V. C. Truscello
Nucl. Appl. Technol., Vol. 9, No. 5, pp. 722-735,
November 1970
For abstract, see Miller, C. G.
YEN, S. P. S.
Y01	 Electronic Conductivity of Elastomeric lonenes
R. Somoano, S. P. S. Yen, and A. Rembaum
J. Polym. Sci., Pt. 8: Polyn. Lett., Vol. 8, No. 7, pp. 467-479,
July 1970
For abstract, see Somoano, R.
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